ELEVATOR OPERATION SYSTEM AND OPERATION METHOD 



FIELD OF THE INVENTION 

[001] This invention pertains to a type of elevator system that can move up/down along an 
elevator shaft in a building. More specifically, this invention pertains to an elevator operating 
system and elevator operation method characterized by the fact that it can improve the 
operation efficiency of the dedicated shuttle elevators for the sky lobbies in an ultrahigh 
building. 

BACKGROUND OF THE INVENTION 

[002] Usually, as buildings become higher, the space occupied by elevators becomes greater, 
and the usable space in the building becomes smaller. For example, in Landmark Tower in 
Yokohama, Japan, about 1/3 the total space is occupied by elevators. 

[003] As a means for improving the efficiency of elevators in ultrahigh buildings, the sky 
lobby system has been proposed. In this system, a sky lobby is provided as a transit lobby on a 
floor at nearly the midpoint of the total height of the building. A shuttle elevator is provided 
that is dedicated (goes directly) to the sky lobby, and the main line (local elevators) is divided 
into upper and lower portions so as to achieve economic design (with space and energy 
reduction). (The name "sky lobby" comes from the fact that it is located in the sky as viewed 
from the lobby near the ground). 

[004] The sky lobby system has been adopted in the Petronas Towers in Malaysia, the 
Jingmao Building and Bank of China Buildings in China, Central Plaza in Hong Kong, the 
T&C Tower in Taiwan, as well as the Yamao Park Tower and the Roppongi 1-Chome Plan 
Building in Japan. 

[005] This system has been found to have significant advantages for buildings 200 m high or 
higher. On the other hand, when the building is super high (400 m or higher), more than one 
sky lobby may be provided as an economic design. 

[006] However, when several sky lobbies are provided (for example, when a sky lobby is 
provided for every 150 m in a building 750 m high), when conventional elevator operation is 
used, the time for the shuttle elevator to complete a trip becomes much longer, and the service 
level becomes much poorer. As a result, many more elevators are needed. 



[007] This is because, for large cars (with a rating of 40-68 passengers), the time for 
passengers to get on and off the car becomes longer, so that the time to complete each trip 
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becomes longer for each elevator, the average time between starts becomes longer, and the 
transporting ability is reduced. 

[008] In the following, the operation method for a conventional elevator system will be 
explained with reference to Figures 6-13. Figure 6 is a diagram illustrating a conventional 
group management system. In this system, all of elevators A-D stop at all of the floors. 
Consequently, the passenger riding on the elevator can reach any desired target floor. Also, due 
to group management, there is little likelihood that the passenger will wait a long time. In 
Figure 6, the circles indicate the floors to which the elevator provides service (same in 
following Figures 7-10). 

[009] On the other hand, because passengers going to lower floors and passengers going to 
higher floors share the same elevator, the time it takes for passengers to reach higher floors 
becomes longer, especially during the rush hour, and a longer time is needed for the elevator to 
return to the lobby (the ground floor building lobby). As a result, more passengers have to 
wait, and the lobby becomes crowded. This is undesirable. 

[010] Figure 7 is a diagram illustrating the rush hour division service system. As indicated by 
hatched zones in the figure, the service floors for each elevator are limited during the rush 
hour. For example, the service floors for units A and B are limited to the 2 nd -6 th floors, and the 
service floors for units C and D are limited to the 7 th - 1 1 th floors. 

[011] In this system, passengers going to the same target floor go together, so that the riding 
time can be shortened, and the car can return to the lobby more quickly, so that the lobby is not 
so crowded. This is an advantage. On the other hand, however, when there are many 
passengers in a certain group, the lobby becomes crowded, while the elevators for other groups 
are idled. This is undesirable. In addition, the number of elevators that can be selected by each 
passenger is halved, so that the wait time becomes longer. This is also undesirable. 

[012] Figures 8-10 illustrate the so-called channeling system for further improving the rush 
hour division service shown in Figure 7. First of all, as shown in Figure 8, the service floors 
are limited to a few floors (floors are divided to sectors), and elevators are assigned to 
respective sectors. 

[013] In this case, one elevator unit is not assigned to any sector (unit D in Figure 8), and the 
elevators assigned to the sectors represent the various service floors (floors indicated by 
hatched areas). 
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[014] Figure 9 is a diagram illustrating the situation in which passengers have entered 
elevator unit A for departure. Simultaneously with said departure, the service floor display for 
unit A is erased, and the sector of the departing elevator (that is, sector 3) is assigned to the 
elevator that had no service floors displayed (that is, unit D). As a result, the service floor 
display of elevator unit D becomes M 9 th -1 1 th floors." 

[015] When the elevators depart one by one, the elevator that returns first is assigned to an 
empty sector. As shown in Figure 10, unit C has departed, so that the display of "6 th -8 th floors," 
as shown in Figure 9, is erased. Instead, "6 th -8 th floors" is displayed as the service floors for 
unit A that had no display in the situation shown in Figure 9. As shown in Figure 10, for unit A 
it is displayed that service for the 9 th floor and 10 th floor, assigned as shown in Figure 9, is 
terminated, and the elevator is now on the 10 th floor; for unit B it is displayed that service for 
the 3 rd floor, 4 th floor and 5 th floor, assigned as shown in Figure 9, is terminated, and the 
elevator is now on the 5 th floor. On the other hand, for unit D it is displayed that the elevator is 
now on the lobby floor. 

[016] For the aforementioned rush hour division service shown in Figure 7, because the 
elevators for sectors are fixed, one has to wait until an elevator returns once it has departed. On 
the other hand, for the channeling system shown in Figures 8-10, because an empty section is 
assigned to the first elevator that returns, there is no need to wait for an elevator for a long 
time. As a result, it is possible to prevent crowding in the lobby, and it is possible to reduce the 
service time as the wait time becomes shorter. 

[017] However, because the number of sectors and the number of floors are fixed in the 
channeling (static channeling) shown in Figures 8-10, if a large number of passengers wants to 
travel to a certain floor at the same time, the riding time for the sector containing said floor 
becomes longer, and the overall service level for the entire sector may degrade. 

[018] In order to solve this problem, the so-called dynamic channeling system shown in 
Figures 11-13 is adopted. In this system, the total number of passengers is counted, and 
changes are made to the number of sectors and numbers of floors so as to have uniform 
distribution of passengers among the various sectors. 

[019] For example, in a situation with the settings shown in Figure 1 1, the number of sectors 
is 3; the number of floors in the sector for unit A is 3; the number of floors in the sector for unit 
B is 4; and the number of floors in the sector for unit C is 3. When passengers are concentrated 
on a certain floor, as shown in Figure 12, changes can be made to the settings to reduce the 
number of floors for the sector containing said floor that is the destination for many 
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passengers. Tha, is, the number officers in fhe seerer fer unit A is changed to 2; the number of 
Zm I the sec«or for unit B is ehanged fo 7; and the number of floors in me sector for urn, C 
is changed to 1 . 

,0201 On me other hand, when the distribution of me passengers is even, as shown in Figure 
H me number of seetors is 2, the number of floors in me sector for nni, A is 5, and the number 
of floors in the sector for unit B is 5. 

10211 In .his way, as the distribution in me number of passengers fo, various floors changes, 
TLZ r« edited ,„ eope with variations in me passenger flow over time. Consequently, 
2 ^ time for *e elevators beeomes shorter, and serviee to .he sectors can be unproved. 

mail In mis ease .here are various criteria, as listed below, used for evaluation of elevators 
SeSTTil*. sehlcei • shiico no - no shin,* ^ I™* 
for ellvaL plans in Ore design and construction of buildings,, published .992 by Japan 
Elevator Association). 

"££ZZn of me car to the star, floor ,0 return again of the car ,o the sfar, 
floor after having carried passengers from the star, floor to upper floors. 

getting on and off + loss time (sec) 

(2-1) The travel distance and the number of travel segments 
(accelerations/decelerations) are included in the travel time. 

[023] (2-2) The predicted number of stops is included in the door opening/closing time, time 
for passengers getting on and off and loss time. 

(3) Average departure interval round trip time/number of units (sec) 

(4) 5-min transporting ability 300/average departure interval x number of passengers 
riding (number of persons) 

,024, However, in the conventional operation method, fltere are multiple floors served by any 

vlleltor among the multiple elevator units. Consequently, the round hap ,.me from 
departure ,0 re«um to the starting floor after serving multiple floors IS long. 

, 025 , For examp,e, even when me number of floors served is changed, as with the dyrtamic 
siting system shown in Figfre .2, multiple floors are assigned to any gtven elevator as 
service floors. Consequently, the round trip time becomes longer. 

4 
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[026] This problem becomes more significant when the building becomes higher and the 
number of floors is increased. For example, in a skyscraper with a shuttle elevator, because the 
original shuttle elevator serves for express travel to the sky lobby, said items (2-1), (2-2) are 
counted only twice, and high efficiency can be realized in the operation. 

[027] However, when more than one sky lobby is provided, just as with a conventional 
elevator, sequential stop service is provided, and, finally, the criteria pertaining to the predicted 
number of stops (running cycle number [sic], door opening/closing time, time for passengers 
getting on and off, loss time) are added to the round trip time, so that the round trip time 
becomes much longer. 

[028] For a conventional elevator in actual operation, when a passenger near the inside wall 
wants to exit the car, passengers standing near the door have to get off and then back on the car 
again. Taking this scenario into consideration for said sky lobbies in a skyscraper, the loss time 
is expected to become longer. 

[029] For the shuttle elevator in the sky lobby scheme, although an elevator system is 
adopted, it is actually like an express bus system, that is, a new traffic system. 

[030] The purpose of this invention is to solve the aforementioned problems of the prior art 
by providing a type of elevator operation system and elevator operation method characterized 
by the fact that it can shorten the round trip time of elevator, optimize the general elevator 
operation characteristics and application characteristics of a shuttle elevator, and improve the 
service level. 



SUMMARY OF THE INVENTION 



[03 1 ] In order to solve the aforementioned problems, this invention provides a type of 
elevator operation system characterized by the following facts: the elevator operation system is 
for operating plural elevators arranged co-located in a building; the system has a means for 
setting a unique service floor for each elevator, with these floors being different from each 
other; a first-arriving elevator predicting means that predicts which elevator among said plural 
elevators will arrive at the building ground floor lobby first; a target floor determining means 
that determines the elevator target floor from among said preset service floors corresponding to 
target floor requests; and a target floor assigning means that assigns the target floor determined 
with said target floor determining means as the target floor for the elevator predicted with said 
first-arriving elevator predicting means; said assigned elevator runs to the assigned target floor. 

OT-5039 5 



[032] Also, this invention provides an elevator operation method characterized by the 
following facts: the operation method is for operating plural elevators co-located in a building; 
in this operation method, the following kinds of processing are carried out: setting processing 
that sets a unique service floor for each elevator, with these floors being different from each 
other; prediction processing that predicts which elevator among said plural elevators will arrive 
first at the building ground floor lobby; determination processing that determines the elevator 
target floor from among said preset service floors corresponds to target floor requests; and 
assignment processing that assigns the target floor determined in said determination processing 
as the target floor for the elevator predicted by said prediction processing; said assigned 
elevator runs to the assigned target floor. 

[033] As explained in the above, this invention has the following advantageous effects. 

[034] The round trip time is reduced for each elevator. The average round trip time for all of 
the elevators is significantly reduced. As a result, the service level is improved. Because the 
round trip time of the elevator is reduced, the departure interval becomes shorter, the 
transporting ability (such as the 5-min transporting ability) is increased, and the average 
transporting ability of all of the elevators is increased significantly. Consequently, the number 
of elevator cars required can be significantly reduced. 

[035] The aforementioned effects are not limited to single-deck elevators. The same effects 
can be also be realized for the double-deck elevator. In addition, the aforementioned effects 
become more significant as the building becomes higher. For example, the effect is excellent 
when this invention is adopted in an elevator system that has plural sky lobbies with express 
operation being performed between the building lobby and the sky lobbies. 

BRIEF DESCRIPTION OF DRAWINGS 

[036] Figure 1 is a diagram illustrating the elevator operation method in an embodiment of 
this invention. 

[037] Figure 2 is a flow chart for the processing carried out by the elevator operation system 
in an embodiment of this invention. 

[038] Figure 3 is a diagram illustrating the constitution of the main portion of the elevator 
operation system in an embodiment of this invention. 
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[039] Figure 4 is a diagram illustrating evaluation when this invention is adopted for the 
shuttle elevators of a skyscraper. 

[040] Figure 5 is a diagram illustrating evaluation when this invention is adopted for the 
elevators in a relatively low building. 

[041] Figure 6 is a diagram illustrating an example of a prior art conventional elevator 
operation method. 

[042] Figure 7 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[043] Figure 8 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[044] Figure 9 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[045] Figure 10 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[046] Figure 1 1 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[047] Figure 12 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

[048] Figure 13 is a diagram illustrating another example of a prior art conventional elevator 
operation method. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[049] Embodiments of this invention will be described in the following, illustrated by figures. 
Figure 1 is a diagram illustrating the principle of operation when this invention is adopted in a 
conventional elevator. Figure 2 is a flow chart illustrating processing performed by the 
computer of the operation system in this invention. 
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[050] According to this invention, first of all, plural elevator units A-C are each assigned to a 
unique service floor that is different from the others (step Si). As indicated by the hatched 
portions in Figure 1, the 10 th floor is assigned as the target floor for first-departing unit A; the 
4 th floor is assigned as the target floor for the next-departing unit B; and the 7 th floor is 
assigned as the target floor for the last-departing unit C. 

[05 1 ] Then, an operation mechanism not shown in the figure drives the elevators sequentially 
to the respective service floors (step S2). 

[052] Then, in step S3, the computer in the operation system predicts which elevator among 
the plural elevators will return first to the building ground floor lobby on the basis of the car 
position detection information, etc. Also in step S3, said computer determines the target floor 
for the first-departing elevator as the service floor selected from among said preset service 
floors (4 th , 7 th , or 10 th floor) corresponding to the target floor requests. 

[053] Determination of the target floor is carried out using the following means. 

(1) Automatic sequential assignment. In this case, assignment is performed in the order 
preset in the initial stage of step Si. 

(2) Time-priority assignment with respect to target floor registration input order 
priority. 

(3) Automatic assignment by means of a group management learning function (wait 
time, service time, number of passengers using it). 

(4) Combination of said (l)-(3). 

[054] Call registration for said elevator can be carried out using various means, such as target 
floor direction buttons (21a)-(21c) on the lobby floor as shown in Figure 3(a), target floor 
registration buttons (24a)-(24c) on the lobby floor as shown in Figure 3(b), or various types of 
sensors (IR, electromagnetic waves, magnetism, gravity, light, heat, sound, etc.). 

[055] Then, in step S 4 , the computer of the operation system assigns the aforementioned 
determined target floor to the aforementioned predicted first-arriving elevator, and the 
operation system then causes the elevator to depart for the assigned service floor (step S 2 ). 

[056] Also, as shown in Figure 3, guidance to the elevator needed by the passengers is 
performed using a target lobby visual display such as lamps, LEDs, displays (22a)-(22c), 
and/or an acoustic guidance indicator such as speakers (23a)-(23c). 
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[057] According to this invention, the service floor when the elevator departs from the lobby 
floor is determined (assigned) from among the preset service floors (a unique senace floor for 
each elevator), such as the 4* floor, 7 th floor and 10 th floor in the case shown m F.gure 1 . 

[058] Because there is only a single service floor assigned to each elevator, the round trip 
L for the car to complete service and return to the departure floor becomes very short. That 
is because all of the passengers riding on the same car go to the same target floor, .Us possmle 
to' avoid the loss time that would be generated in me prior art for the passengers ^ng near 
the door to get off the car to make way for the passenger standmg of the back wall, ,** Mta- to 
get back on again. As a result, the overall average round trip time becomes much shorter than 
that in the prior art, and the overall average 5-min transporting ability is increased 
significantly. 

,059] Figure 4 is a diagram iUusteattng the operation pattern whett .his invention is adopted 
fori shuttle e,eva,or S in a 500-m Cass skyscraper having several sky (obbtes. » ,s compared 
to the conventional operation pattern. 

(060) In this figure, f stands for the eievator pi.; »M» sttmds for me mechanical chamber; 
and »L" stands for the lobby. The densely hatched areas indica<e me serv.ce floors (stop 
floors), and the widely hatched areas indicate .he express region (nonstop floors). 

[061] As shown in Figure4, it is assumed ma, sky lobby (a) is a, a heigh, of 200 m, sky lobby 
(b) is a height of 300 m, and sky lobby (c) is at a height of 400 m. 

[062] In the system of mis invention, sky lobby (a) is the only Urge, lobby for the first- 
Tpalg elevalr on the budding mbby floor; sky .obby (b, is the only targe, obby for me 
nex deling clevamr; and sky lobby (c) is me only terge, lobby for me .ast-departmg 



elevator. 



[063] Consequently, when tt,e operafion method of this invention illustrated 1 m sa.d F.gures 
i adopted the round ttfp ttme and avenge round ttip fime can be reduced by companson 
L L conventional operation mettmd, as indicated in me figure, and the ttansporttng abrltty 
and average transporting ability (pet 5 min) are increased, as shown m me figure. 

[064, For example, when this invention is adopted, me average round trip time for sky lobby 
1 , 7 45 sec, and mis is on!y 57.55% that of the prior art. For sky lobby < 
L rrio time is 142 45 sec, and this is 69.80% that of the prior art. For sky lobby (e), the 

™ sec, and .his is S2,05% ma, of .he prior art. For sky lobby (,), 
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the 5-min transporting ability is 1 12.38 passengers, 173.34% that in the prior art. For sky lobby 
(b), the 5-min transporting ability is 92.66 passengers, 143.25% that in the prior art. For sky 
lobby (c), the 5-min transporting ability is 78.82 passengers, 121.86% that in the prior art. The 
overall average round trip time is 142.45 sec, 69.80% that in the prior art. The overall average 
5-min transporting ability is 94.62 passengers, 146.28% that in the prior art. 

[065] Consequently, comparison of this invention to the prior art with respect to rush hour 
requirements shows that the elevator system can use 2/3 the number of elevator cars used in the 
prior art. 

[066] Figure 5 is a diagram comparing to the prior art the operation pattern when this 
invention is applied in the elevator system of a relatively low building with a height of about 
40 m (meeting hall, movie theater, store). 

[067] In this figure, "P" stands for the elevator pit; "M" stands for the mechanical chamber; 
and M L" stands for the lobby. The densely hatched areas indicate the service floors (stop 
floors), and the widely hatched areas indicate the express region (nonstop floors). 

[068] In Figure 5, it is assumed that service floor (a) is at a height of 10 m, service floor (b) is 
at a height of 20 m, and service floor (c) is at a height of 30 m. 

[069] In the system of this invention, for the first-departing elevator in the building lobby, the 
target is taken to be only the single service floor (a). For the next-departing elevator, the target 
is only service floor (b). For the last-departing elevator, the target is only service floor (c). 

[070] As shown in the figure, by adopting the operation method of this invention, described 
above with reference to Figures 1-3, the round trip time and average round trip time are 
shorter, and the transporting ability and average transporting ability (per 5 min) are higher by 
comparison to the conventional operation method. 

[071] For example, when this invention is adopted, the average round trip time for service 
floor (a) is 67.78 sec, 57.40% that of the prior art. For service floor (b), the average round trip 
time is 81 .12 sec, 68.70% that of the prior art. For service floor (c), the average round trip time 
is 94.45 sec, 78.89% that of the prior art. For service floor (a), the 5-min transporting ability is 
97.37 passengers, 174.18% that in the prior art. For service floor (b), the 5-min transporting 
ability is 81.36 passengers, 145.54% that in the prior art. For service floor (c), the 5-min 
transporting ability is 69.88 passengers, 125.00% that in the prior art. The overall average 
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round trip time is 8 1 . 1 1 sec, 68.70% that in the prior art. The overall average 5-min 
transporting ability is 82.87 passengers, 148.24% that in the prior art. 

[072] Consequently, comparison of this invention to the prior art with respect to rush hour 
requirements shows that the elevator system can use 2/3 the number of elevator cars used in the 
prior art. 

[073] This invention is not limited to the aforementioned embodiments. It can also be adopted 
together with the conventional method, such as the operation method shown in Figures 6-13 
corresponding to the operation time, needs of passengers, and other conditions. Also, the 
means for setting the unique service floor that is different from the others for each of said 
elevators and the setting processing are not limited to the floors shown in the aforementioned 
embodiments. Also, the number of sky lobbies and the number of elevator cars are not limited 
to those described in the aforementioned embodiments. Other numbers can be adopted. The 
preceding description is exemplary rather than limiting in nature. Variations and modifications 
to the disclosed examples may become apparent to those skilled in the art that do not 
necessarily depart from the purview and spirit of this invention. The scope of legal protection 
given to this invention can only be determined by studying the following claims. 
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